formation from action on maltose, lactose, but not mannite, glycerine usually, but not always. The growth on neutral red egg medium is identical, and serum reactions are parallel. Table V shows a series of bloods tested for complement fixation with a typical Staphyloid coccus A and a Micrococcus epidermidis albus isolated from a self-produced blister on the skin of a girl suffering from hysteria. The broad black bands in the tables indicate complete haemolysis of sheeps' corpuscles, partial haemolysis being shown by a fainter coloration. These reactions are not exactly parallel, but I think sufficiently so to show that the organisms are closely related. Chart I shows an opsonic curve determined in respect of both organisms. Four specimens of serum were examinedthe first before a 2 million dose of staphyloid stock vaccine was given, and the second, third, and fourth, twelve hours, twenty-four hours and forty-eight hours respectively after the injection. The curves are similar, though not identical. The only difference which I have found to exist between the particular cultures used for these experiments is that the Staphyloid coccus A liquefies gelatine at a slower rate than the Micrococcus epidermidis albus.
In order to avoid the further use of such a clumsy expression as the Staphyloid coccus A, I wish at once to give the germ what I suggest should be its correct biological title, but for this purpose one must anticipate slightly, and assume the proofs, which I shall immediately put forward, that this organism is the primary cause of rheumatoid arthritis. It would then be appropriate to denominate the microbe as the Micrococcus epidermidis, variety deformans, or perhaps, since that is somewhat unwieldy for common use, I may be permitted to allude to it in future under the shorter name of the Micrococcus deformans. I would like here to express my great appreciation of Professor Hewlett's kind assistance in helping me to decide on a proper title.
Permit me now to enter upon the justification of what must, I am certain, seem to be a very great assumption; and, to clear the ground, under this term "rheumatoid arthritis" I would include only those forms of arthritis which present no demonstrable infection of the joints, and which conform more or less strictly to that typical primary polyarticular disease sometimes called polyarthritis deformans, characterized by fusiform swelling and redness of the joints, frequently symmetrical in character, usually commencing in the fingers, and associated with glossiness of the skin and muscular degenerations and contractures. I expressly exclude rheumatic joints, and all cases of infective arthritis, such as arise as the result of the entry of the gonococcus, pneumococcus, and other germs into the joint itself.
Bacteriologists agree that serum reactions hold a very important place in proving a causal connexion between a given disease and a given organism. Of these the complement-fixation reaction is probably the most important. The first four tables give the results of sera tested by this method. The exact technique was as follows: An emulsion of a twenty-four hours' culture of the Micrococcus deformans was standardized and killed by heating at 600 C. for an hour. The sera of Table I were all freshly drawn and no complement was added. In the rest of the tables all serum was heated for fifteen minutes at 600 C. to destroy complement, and then fresh complement in the form of normal human serum was added. Fleming's method was followed. Two volumes of serum, one being that under examination, the other fresh human serum (complement), were run into miniature test-tubes, and four volumes of normal saline, or the various dilutions of the standardized emulsion, respectively added. The mixture was kept at blood heat for twenty minutes, when one volume of 5 per cent. (or in some cases 10 per cent.) washed sheeps' corpuscles was stirred into each tube. A reading was taken after a further half to three-quarters of an hour at blood heat. The thick cross-line is drawn at that point below which no control blood fails to show haemolysis. With a view to avoiding all personal bias, Fleet-Surgeon Kilroy kindly performed some independent tests for me without knowledge of the sources of the majority of the sera, and in Tables I and IV his results are recorded. I must express my very deep sense of gratitude to him for his kind ;assistance, which was the more valuable on account of his extended experience in the complement-fixation test, commonly known as the Wassermann reaction for syphilis.
In Table I it is seen that a very wide series of dilutions were examined. The first blood and the last three were controls from perfectly healthy individuals. The second serum was taken from an I.  TABLE II. Black squares, complete bremolysis. Shaded squares, partial hemolysis. White squares, absence of hamolysis. When squares are crossed out, the supply of serum ran short and those dilutions were omitted from the test. extreme case of rheumatoid arthritis; the third also from a case of frank rheumatoid arthritis; the fourth from a patient who had had rheumatic fever and suffered from chronic rheumatism, but had no symptoms whatever of rheumatoid arthritis or neuritis. In Table II the same emulsion was used, the first and fifth sera being controls. The middle three were each cases of rheumatoid arthritis. Table III shows some eight cases, in which the reaction was used for diagnosis where an early stage of rheumatoid arthritis was suspected, or where the organism was not found in the urine at the first attempt. All suspects were positive with two exceptions: No. 12, in which the symptoms were confined to two joints, and these greatly enlarged by osteophytes. It was, in fact, a case of osteo-arthritis, and not necescessarily related in any way to rheumatoid arthritis. The opinion has been expressed that the cure of rheumatoid arthritis results in the formation of osteophytes producing a condition of osteo-arthritis, but whether this be true, or whether, on the other hand, osteo-arthritis and rheumatoid arthritis are different diseases, in either case a negative complement-fixation test was to be expected. The other exception, No. 9, was a very interesting and instructive case. Rheumatoid arthritis in typical form attacked a lad whilst in hospital. The test I   TABLE III. A, typical rheumatoid arthritis; B, ? early rheumatoid arthritis, some stiffness and slight neuritis; C, neuritis; D, osteo.arthritis. was performed three weeks after the disease appeared. The result was negative. A month later, however, on testing the blood again, a positive result was obtained (No. 19 of Table IV ). After a further month, during which the patient had been treated by vaccines of this organism, and when the disease seemed to be fast disappearing, a further test was performed. The result was negative. Table IV ; one of Fleet-Surgeon Kilroy's, is, I think, extremely convincing. He informs me that serum No. 1 was taken from a case of acute Bright's disease, whose urine had yielded the Microc'occus deformans, together with a streptococcus, and the blood was taken after he had regained his health. The result of the test was negative. Sera 2, 3, 4, 15, were from normal men; 16, 17, 18, 19 , all typical rheumatoid arthritis; 9, a convalescent pneumonia. It will be seen that all the rheumatoid patients gave positive results, and none of the others.
Complement-fixation tests, then, afford conclusive evidence that the Micrococcus deformans is pathogenic in rheumatoid arthritis.
In the light of these tests, and with the addition of all cases seen up to September last, I am now able to revise the incidence table previously published [1] . Taking all positive tests to indicate that the organism is present and pathogenic, in twenty-six cases of typical rheumatoid arthritis the organism was present in all. It was cultured in twenty- a medium dose of a vaccine of the organism during a course of treatment. In both charts a typical immunity curve is developed. The patients suffered from obvious rheumatoid arthritis. It is of interest, and I think of importance, to note that where a negative phase is seen, as in these two charts, it is almost invariably associated with increased swelling of the affected joints an'd marked rigidity. An experimental dose of the Micrococcus deformans vaccine given to a normal person produced no fluctuation in the index.
To use a legal phrase, this completes the evidence for the prosecution of the Micrococcus deformans. In order to summarize the facts here mentioned and bring them into line with others, some of which have already been putlished elsewhere [1] , I may, perhaps, be permitted briefly to review the various points in their logical sequence.
Some three years ago, from the blood of a phthisical patient, who suddenly developed acute arthritis of the left knee-joint, associated with brachial neuritis, I isolated a diplococcus, which I have since learnt to recognize as the organism here described-the Micrococcus deformans. The case was a remarkable one, for though by no means ill, the patient (a young woman, aged 34) had had for certainly three years previously a raised temperature, which on the rarest occasions dropped below 1000 F. night or morning, and usually remained about 1010 F. Never had it been found to be normal, though two daily observations had been made during the whole of the period. A -vaccine prepared from this organism produced remarkable results, in that after a very few doses the knee-joint became well and again serviceable, the neuritis disappeared, and the temperature dropped to normal. It was impossible to avoid the conclusion that this diplococcus was causative of the arthritis, the neuritis and the fever. A year later, within a week of each other, I had the catheterized urine sent me of two women, both suffering fromi acute rheumatoid arthritis, coming on shortly after parturition. The Micrococcus deformnans was found in pure culture and in large numbers in both cases, and in both vaccines of the organism produced that characteristic result which one always associates with the injection of a vaccine prepared from the organism pathogenic in any given case. About the same time a male rheumatoid patient consulted me. He had a chronic nasal discharge, in which the Micrococcus deformans was found. Still more important, it was present in pure culture in the urine.
Here also the effect of a vaccine was obvious. It was already impossible to dissociate rheumatoid arthritis from the Micrococcus deforrnans. These four cases, then, which I have not hitherto described, provided me with the necessary starting point for systematic investigation. Add now to this the further evidence I have adduced: incidence in the urine, 81-25 per cent., complement-fixation tests, these showing when combined a germ incidence of 93'75 per cent. in all cases of rheumatoid arthritis, obvious or suspected; opsonic data, and finally the clinical response to vaccines, and it becomes almost impossible to avoid the conclusion that the Micrococcus deformans is the actual primary cause of the disease. I chose the urine as my materies morbi, because my conception of rheumatism proper, which is by no means to be confused with rheumatoid arthritis, was based on the fact that the causal streptococci are almost invariably to be found in the urine, without any manifest morbid process in the kidneys, or even urinary symptoms. Presumably rheumatic streptococci are circulating in the blood and excreted by the kidneys. These organisms, too, have since been shown to be common inhabitants of the human digestive tract. Obviously they are not particularly virulent, for the bacteriuria is not associated with any illness beyond chronic rheumatism. They would, however, possess potential virulence, for from acute rheumatic cases the same organisms have frequently been isolated from the blood, and rheumatic streptococci, whether isolated from the urine of chronic rheumatism or from the blood of acute rheumatic disease, produce the same condition of arthritis in rabbits. If rheumatism, then, is caused by organisms which originate as saprophytes from the bowel, it would seem that such a similar disease as rheumatoid arthritis might also be caused by some common saprophytic and avirulent organism. In both cases the germ would owe its continued existence to the fact of its avirulence; its very innocence would be its protection, and the immunity mechanism, unstimulated by such comparatively harmless microbes, would fail to produce sufficient antibodies, or to wage effective war on the insidious invader. And so the germ. would multiply and flourish exceedingly, but without much harm to its host, except when its numbers became excessive.
I have already shown that the Micrococcus deformans belongs to the Micrococcus epidermidis group. Thus rheumatism and rheumatoid arthritis present a parallel pathology, in that the former is caused by a common saprophyte of the bowel, the latter by a common saprophyte of the skin, which gains access to the blood, whence it is excreted or passively filtered through the kidneys, and thus comes to be discharged in the urine.
Apart from various rival germs, which have been described as having been isolated from the joints in certain forms of primary arthritis, confirmation of which is still lacking, there are four important criticisms which may be levelled against my hypothesis. The first is that streptococci, Bacillus coli, and other organisms have been found in local foci of infection in cases of rheumatoid arthritis, and that treatment by vaccines of such organisms has been known not infrequently to cure the arthritis. It is this experience mainly which has given rise to the supposition that primary rheumatoid arthritis has not a definite single bacterial cause, but may be produced as the result of the activities of different germs. I do not propose to combat this by direct denial, nor do I anticipate shipwreck on the point. I merely put forward the suggestion that my hypothesis is by no means disproved because it may be shown that other mischievous germs are at work. I have frequently found them myself, and have been convinced of their pathogenicity. My claim is that these organisms constitute a secondary infection. An analogy will place the matter in a clear light. Let us suppose that the tubercle bacillus had never been discovered. In the present state of bacteriology and vaccine therapeutics what would be the inevitable conclusion ? That the organisms found in the sputum were the cause of the condition-streptococci, Bacillus influenzw, Mticrococcus ca tarrhalis, pneumococci-any of these alone, or in combination, would be supposed to be capable of causing phthisis, as we know it, and it-is equally certain that some cases of phthisis treated by vaccines of these organisms would be reported as cured. This is exactly what has happened in the case of rheumatoid arthritis, and I submit that such evidence has really no bearing whatever on the hypothesis that there is a primary causal organism in this disease.
The second criticism might well be that this organism has not been found in the diseased joints. It is a more formidable objection. But since no organismi of any kind has been found in the tissues of the affected joints, with the exception of some few cases, which do not seem to have a general application, and of which confirmation is lacking, this criticism would equally apply to any organism put forward as the cause of the disease. The Micrococcus deformans, however, is so easily stained and recognized that there is small likelihood of its presence having been overlooked in the joint tissues, and the difficulty is very real. The following facts, however, indicate a possible explanation: (1) I submit that a very large proportion of cases of rheumatoid arthritis, if not all, are either preceded by or associated with neuritis. (2) The joint lesions have been considered to be trophic lesions. (3) The Micrococcus deformans occurs with remarkable frequency in the urine in cases of neuritis (of eight cases it was present in all), and from the incidence and from serum tests carried out on the same lines as above, one is impelled to the conclusion that neuritis (excluding, perhaps, toxic forms) and rheumatoid arthritis are one and the same disease, both produced primarily by the organism which I have described, though frequently complicated by infections with other pathogenic germs. (4) Spinal lesions have frequently been described in cases of rheumatoid arthritis [3] . Further investigations are required, but they should be directed either toward searching for the Micrococcus deformians in some portion of the nervous system, or toward demonstrating the presence of some nerve toxin produced by it. It will now be plain why I include neuritis in the incidence table.
Again, it may be objected that the Micrococcus deformans may play merely a similar role to the Micrococcus neoformans in cancer; that one is only dealing with a secondary infection, and that the primary cause is still to be sought. It is conceivable, but seems to me unnecessary, to invoke such complexity for the Eetiology of rheumatoid arthritis. Cancer differs in that the Micrococcus neoformans hypothesis is obviously insufficient by itself to explain the disease. Streptococci are, I think, accepted now as sufficient in themselves to produce rheumatism: and why not the Micrococcus deformans to produce rheumatoid arthritis ?
Lastly, a plaint may be lodged that no animal experiments have been done. I regret it, but facilities have been lacking, and I thought it needless to defer my communication on that account. All the facts were remarkably favourable, so that they seemed sufficient in themselves to prove my hypothesis, and further, with the advent of serum reactions, than which no evidence can be more convincing, the necessity for fulfilling Koch's postulates in their entirety before assuming the microbial cause of a disease has somewhat diminished. On the first opportunity, however, the attempt will be made.
In conclusion, then, I would describle rheumatoid arthritis as a disease caused primarily by a common inhabitant of the skin, the Micrococcus epidermidis, variety deformans, or, more shortly, the Micrococcus deformans, and I would further suggest that the germ produces the disorder mainly by its action on some portion of the nervous system; and lastly, that other pathogenic germs are frequently actively engaged as a secondary mixed infection.
My best thanks are due to Fleet-Surgeon L. Kilroy and Professor Hewlett, whose assistance I have already acknowledged, and to all those medical men who have been instrumental in supplying me with material for this investigation, amongst whom I should like to mention more particularly Dr. Soltau, of Plymouth.
